Abstract. In this paper we study a class of supersymmetric models with non-universal gaugino masses that arise from a mixture of SU(5) singlet and non-singlet representations, i.e. a combination of 1, 24, 75 and 200. Based on these models we calculate the expected dark matter signatures within the linear combination 1 ⊕ 24 ⊕ 75 ⊕ 200. We confront the model predictions with the detected boson as well as current experimental limits from selected indirect and direct dark matter search experiments ANTARES respective IceCube and XENON. We comment on the detection/exclusion capability of the future XENON 1t project. For the investigated parameter span we could not find a SU(5) singlet model that fulfils the Higgs mass and the relic density constraint. In contrary, allowing a mixture of 1 ⊕ 24 ⊕ 75 ⊕ 200 enables a number of models fulfilling these constraints.
Introduction
Supersymmetric extensions of the standard model (SM) of particle physics provide an elegant way to solve some major problems of the SM, e.g. by explaining the huge gap between the weak scale and the Planck scale. Moreover, if R-parity is conserved, supersymmetry (SUSY) can provide a dark matter candidate in a natural way. In most SUSY scenarios, the lightest neutralino χ 0 1 is the lightest supersymmetric particle (LSP). Being a massive, electrical neutral, stable and weakly interacting particle makes it an excellent candidate to explain dark matter from the particle physics point of view. Throughout this paper we refer to χ 0 1 as the neutralino χ.
Several observations constrain the parameter space of SUSY models. Such constraints are the correct parameter of electro-weak symmetry breaking or the relic dark matter density determined from WMAP data. Recently, the LHC experiments reported the discovery of a particle of 125 GeV/c 2 mass which very probably is a Higgs boson [1] , [2] . This Higgs particle will further constrain the SUSY parameter space.
In this paper we study a class of supersymmetric models introduced in [3] where a mixture between the singlet representation 1 of the gauge group SU(5) and its adjoint representation 24 was considered. It was shown, that these models provide a solution to the "little hierarchy problem" of supersymmetry and a neutralino dark matter candidate.
While in [3] only a rather limited parameter range was consistent with the constraints, especially with constraints coming from the mass of the Higgs boson, we try to find more extended parameter regions that simultaneously incorporate a Higgs boson with the correct mass (within theoretical and experimental uncertainties) and an explanation for dark matter. We adapt the parameterization of [3] and extend it to the more general case of 1 ⊕ 24 ⊕ 75 ⊕ 200.
We investigate the phenomenological consequences with respect to dark matter search experiments. Two classes of experiments are considered: direct detection experiments which search for signatures produced by scattering a dark matter particle off atomic nuclei while indirect detection experiments search for self annihilation products of dark matter particles. We refer to the results published by the direct detection experiment XENON and to the indirect detection experiments ANTARES and IceCube. This paper is organized as follows. In Section 2 we introduce the parameterization used in this analysis. We comment on the recent experimental results from the LHC concerning a Higgs particle and its implications for dark matter searches in Section 3. Section 4 is dedicated to the phenomenological implications of the parameterization introduced in Section 2 with respect to the relic density resulting from such models. In Section 5 we comment on indirect detection observables, i.e. the muon neutrino flux and related muon flux from neutralino annihilations in the Sun with respect to indirect detection experiments ANTARES and IceCube with its low energy extension DeepCore (ICDC). The direct detection experiment XENON is part of our discussion in Section 6. The excluded regions of the parameter space from the combined results of IceCube and XENON 100 is presented in Section 7. In Section 8 we present a preliminary study of models with non-universal gaugino masses. We deviate from gaugino mass ratios given by SU(5) group theoretical factors, allowing for variable gaugino mass ratios. Our conclusions are presented in Section 9.
Parameterization of SU(5) Singlet and Non-singlet Combination
Non-universalities in the gaugino sector arise from a chiral function f ab (φ I ) in the gauge kinetic part of the Lagrangian L gaugekin [4] . φ I is a chiral superfield and L gaugekin is given by [5] 
where a, b are indices of the gauge generators, φ I 's denote the chiral superfields and λ a is the SU(5) gaugino field. ϕ I is the scalar component of φ I whereas F I is its auxiliary F-component. f ab transforms as the symmetric product of two adjoint representations
and is given by [5] f ab (φ
In the above equations Einsteins sum convention was used for indices appearing twice. f 0 and ζ Mult are functions of gauge singlets φ singlet . The index "Mult" labels possible multiplets of Eq. 2.2, that are allowed as a linear term of φ Mult in f ab (φ I ). Supersymmetry is broken by the F-components F I of the chiral superfields φ I when they acquire non-zero vevs and thus gaugino masses are generated. For the case of a non-singlet these gaugino masses (M 1 , M 2 , M 3 ) are unequal but related to each other [6] . Their relative magnitude at the scale of grand unification is given by group theoretical factors according to [7] F φ ab = c a δ ab (2.4) with the coefficients c a listed in Table 1 Representation A mixture of singlet and non-singlet representations can be written in form of three nonuniversality equations for M 1 , M 2 and M 3 . θ 1 reflects the contribution of the singlet. θ i reflects the contribution of the corresponding multiplet to the non-universality of the model. If θ 1 = 0 and all θ i = 0 we obtain the cMSSM scenario (often referred to as mSUGRA) where
and all θ i = π/2 we have a pure SU (5) non-singlet contribution reflecting the given mass ratios of Table 1 . The above parameterization was adapted from [3] . There, only 1 ⊕ 24 was considered. Instead of coefficients a i , b i and c i only coefficients a 24 , b 24 , and c 24 with (a 24 , b 24 , c 24 ) = (1, 3, −2) occur in Equation 2.5. Moreover, the analysis of [3] imposed θ 1 = θ 24 . We will refer to that model briefly in the next Section. In total we obtain a 9 dimensional parameter space m 0 = unified mass of scalars We restricted the 5 parameters m 0 , m 1/2 , A 0 , tanβ, sign(µ) to the region which was evaluated in [3] in order to be able to investigate how far a generalised mixing (θ i = 0) changes the results. Accordingly our simulations use the following parameter range:
A 0 = −m 1/2 tanβ = 10 resp. 45
When we use a different set of parameters it is explicitely mentioned in the text. Our results for the linear combination 1 ⊕ 24 are in good agreement with those given in [3] . We found the combinations 1 ⊕ 75 and 1 ⊕ 200 provide less models fulfilling the constraints of the following sections compared to the parameterization of Younkin and Martin [3] . In principle any of the representations appearing in the symmetric product (Eq. 2.2) must be treated equal and non of them should be preferred. To calculate the supersymmetric particle spectrum we used the public code SuSpect [8] . DarkSUSY [9] was employed for simulating dark matter observables. As such observables we investigated the muon neutrino flux φ νµ and the resulting muon flux φ µ for indirect dark matter detection. As signal of direct detection we calculated the spin independent WIMP nucleon cross-section, σ nucleon SI .
Higgs candidate from LHC results
Last year, LHC experiments reported the discovery of a new boson with mass of 125 GeV/c 2 which might turn out to be the Higgs boson [1] , [2] . In order to take theoretical uncertainties of the calculated mass of the Higgs boson into account we allow an uncertainty of ± 3 GeV/c 2 [19] on the mass of the Higgs boson. The implications of such a Higgs boson on the kind of models investigated in this paper is discussed in this Section.
Younkin and Martin indicated that only a few models survive the experimental and theoretical constraints from the Higgs boson. In their simulations they kept the gluino mass parameter M 3 and subsequently the bino mass parameter M 1 fixed. Here, we use a slightly different parameterization for 1 ⊕ 24. Instead of fixing M 3 and M 1 , we fix the overall gaugino mass scale m 1/2 = 600 GeV (see Section 2). In contrast to Younkin et al, we simulated the model predictions with respect to the Higgs mass for independently varying the singlet mixing angle, θ 1 , and the 24-plet mixing angle θ 24 . The predicted distribution of the Higgs mass is shown on the left hand side of Figure 1 . The simulations were carried out for m 0 = 4 TeV and tanβ = 10. From the results of [3] , we expected only a few models above our required lower limit of m h > 122 GeV. Indeed, only ∼ 4% of the simulated models achieve m h > 122 GeV.
Models that do not provide a Higgs boson mass with 122 < m h < 128 GeV must be rejected. So, the aim of this paper is to find a linear combination whose predictions with respect to the Higgs boson mass are more promising compared to that of Younkin et al.
We (5) for m 0 = 4 TeV, m 1/2 = 600 GeV, A 0 = −m 1/2 and tanβ =10, the corresponding Higgs mass is plotted on the x-axis; black dash-dotted line: lower limit of the theoretical ± 3 GeV uncertainty with respect to the measurements of [1] and [2] of m h ∼ 125 GeV. The number of models is normalized to the total number of simulated models.
In order to identify regions in the two (four) dimensional parameter space of mixing angles GeV is given, we fixed the remaining input parameters of the model to the values given in the caption of Figure 1 leaving only the two (four) angles as free parameters with −0.25 < θ i /π < 0.75. For 1 ⊕ 24 the number of models resulting in predictions 122 < m h < 128 GeV is plotted versus the mixing angle θ 1 /π respectively θ 24 /π in Figure 2 . In Figure 3 the number of models resulting in predictions 122 < m h < 128 GeV is plotted versus the mixing angles θ 1 /π, θ 24 /π, θ 75 /π and θ 200 /π (for 1 ⊕ 24 ⊕ 75 ⊕ 200). Although the relic density is part of the discussion in the next Section, Figures 2 and 3 also show models that simultaneously fulfil 122 < m h < 128 GeV and Ωh 2 < 0.13 (red line). As mentioned above, the red line in Figure 2 and 3 represents the number of models with 122 < m h < 128 GeV and Ωh 2 < 0.13. In the case of 1 ⊕ 24 regions with 122 < m h < 128 GeV and Ωh 2 only partially coincide, such that in total only a few models provide a Higgs boson with the right mass and correct dark matter relic density.
In the case of 1 ⊕ 24 ⊕ 75 ⊕ 200 over the complete range of the θ i 's models that simultaneously fulfil Ωh 2 < 0.13 and 122 < m h < 128 can be found.
The relic density is part of the discussion in the next Section where we combine particle physics with astroparticle physics. There, we investigate our models predictions with respect to the relic density of the neutralino, which is assumed to be the dark matter particle.
From now on we concentrate on linear combination 1 ⊕ 24 ⊕ 75 ⊕ 200. For simplicity and graphical representation purposes we unify the mixing angles θ i , where
Of course, reducing the number of free parameters also reduces the allowed regions of The number of models is normalized to the total number of simulated models the parameter space where the Higgs mass is consistent with measurements. But with this restriction still a factor of ∼ 10 more models in our parameterization survive the Higgs constraints compared to 1 ⊕ 24.
Relic Density for Non-universal Gaugino Masses
The calculated relic density, Ωh 2 , predicted by the models introduced in Section 2, determines whether the corresponding model can give an explanation for dark matter. The relic density of dark matter, deduced from WMAP data, is restricted to 0.106 < Ωh 2 < 0.118 given in [10] . We relaxed the previous constraint to Ωh 2 < 0.13. The relaxed upper constraint accounts for the possibility that R-Parity may not be conserved, while the relaxed lower bound includes the possibility that dark matter may not be only made up by one single particle. Furthermore, a lower value of Ωh 2 with respect to WMAP data can be accepted if the missing relic density is filled up with dark matter particles produced non-thermally, e.g. the decay of long lived particles or cosmic strings [11] , [12] , [13] .
Throughout the following sections we present our results for tanβ = 10 on the left and tanβ = 45 on the right hand side. In Figure 4 Ωh 2 is shown for the mixing of representations 1 ⊕ 24 ⊕ 75 ⊕ 200. All models with Ωh 2 > 0.13 are colored red, while models with Ωh 2 < 0.13 are colored yellow. Colored faint blue are parameter regions which yield squark masses m squark < 1.4 TeV. Such squark masses are already excluded by LHC [14] . Colored green regions refer to models with Ωh 2 < 0.13 and a Higgs mass of 122 < m h < 128 GeV. Green colored models are capable to account for dark matter and providing a Higgs boson with mass 122 < m h < 128. The parameters in the white region between 0.1 θ/π 0.4 for both tanβ values do not have a correct electro weak symmetry breaking, i.e. do not have a convergent µ from solving the renormalization group equations (RGE). The region between −0.16 θ/π −0.12 for both tanβ violate the LEP2 bound on the chargino mass [10] . The white region between −0.07 θ/π 0.04 is forbidden due to tachyonic third generation sfermions (tanβ = 45) or has a Higgs potential that is unbound from below or lead to charge and color breaking minima (see e.g. [15] - [18] ), for tanβ = 10. θ/π values greater than ∼ 0.4 for tanβ = 45 lead to a tachyonic pseudoscalar Higgs boson A and are excluded. For tanβ = 10, several coannihilation regions occur. For −0.1 θ/π 0.08 and m 0 1.5 TeV as well as 0.54 < θ/π < 0.6 and m 0 < 400 GeV the tau slepton,τ , and the tau sneutrino,ν τ , are nearly degenerate in their masses with the neutralino mass. Further, the top squark,t, coannihilates with the neutralino for 0.02 θ/π 0.08 and m 0 2 TeV. Large parts of this coannihilation regions are excluded because the squarks are lighter than 1.4 TeV for −0.05 < θ/π < 0.12 and m 0 < 2 TeV (indicated in faint blue in Figure 4 ). Resonant annihilation regions with the pseudoscalar Higgs Boson A and the lightest Higgs boson h similar to h-and A-funnel regions of the cMSSM can be found in the vicinity of the LEP2 bound, for h, and 0.02 θ/π 0.08 and m 0 < 1 TeV for A. The latter one is excluded by squarks that are too light.
For tanβ = 45, the above regions coincide, except theτ andν τ coannihilation region for tanβ ∼ 0.5, because of a tachyonic pseudoscalar Higgs boson. As for tanβ = 10, most of the coannihilation regions are excluded by squarks that are too light for −0.04 θ/π 0.1 and m 0 < 2 TeV.
The red region on the left side of Figure 4 has a neutralino entirely made up of the bino similar to the bulk region of the cMSSM. The yellow regions are characterized by a neutralino, that is either wino dominated (θ/π < −0.05 and θ/π > 0.58) or higgsino dominated (θ/π > 0.04 and θ/π < 0.52) or a mixture between wino and higgsino (0.02 θ/π 0.06 and 0.53 θ/π 0.56). The relic density in this regions is smaller than the lower bound deduced from WMAP data, i.e. smaller than 0.106. Moreover, in wino and/or higgsino dominated regions the lightest neutralino is almost degenerate with the lightest chargino and pairs of neutralinos annihilate very efficiently via t-channel chargino exchange into pairs of W bosons and the neutralinos relic population is depleted. Nevertheless, boundary conditions from WMAP correspond to thermally produced dark matter. Wino or higgsino like dark matter could have been produced non-thermally, in a sense that Ωh 2 is decomposed into the sum of thermally plus non-thermally produced dark matter, Ω = Ω therm + Ω nontherm (see e.g. [13] ). The total relic density of cold dark matter can than be kept in agreement with observations. That is why we relax WMAP constraints to 0 < Ωh 2 < 0.13.
The same arguments apply for tanβ = 45 (right hand side of Figure 4 ). Wino dominated regions are found for θ/π < −0.05. For θ/π 0.04 the neutralino is dominated by the higgsino and for 0.02 θ/π 0.04 the neutralino is a mixture between wino and higgsino. Again the red region is characterized by a bino dominated neutralino.
Models, where µ has a desired small value, so that it can solve the little hierarchy problem coincide partially with higgsino dominated regions. Small µ regions are found as thin contours on top and on the right edge for both tanβ = 10 and tanβ = 45 of the allowed models. For tanβ = 10 they are also found on top and on the left edge of allowed models. For tanβ = 45 only a thin arc remains on the right side.
After introducing the possible dark matter scenarios from the model setup mentioned in Section 2 we now investigate constraints given by selected indirect and direct detection experiments.
Indirect Detection
Although, there are plenty of indirect detection observables, e.g. photon flux, anti-proton flux, e + − e − flux, that are worth being investigated, this paper is limited to the muon neutrino flux φ µν and the muon flux φ µ when talking about indirect detection.
We focus on the indirect detection experiments ANTARES and IceCube. These experiments measure muons via the detection of Cerenkov light, which is emitted by the charged muons traveling through water or ice. The muon flux coming from below the detector is due to muon neutrinos which interact in charge current interactions close to the detector. In Figure 5 the predicted integrated muon and anti muon neutrino flux from the Sun is plotted logarithmically versus the mass of the neutralino, m χ . The highest neutrino fluxes and therefore also highest muon fluxes are expected at the "high higgsino" or "small µ" region explained in Section 3. In this parameter region the neutralinos can annihilate into Higgs and weak vector bosons resulting in a high muon neutrino flux. The black, magenta and brown lines in Figure 5 correspond to the ANTARES limit at 90% Confidence Level assuming that all neutralinos annihilate exclusively into either bb, W + W − or τ + τ − , so that the limit is independent from the choice of the SUSY model. As can be seen in Figure 5 ANTARES is not yet able to exclude the kind of models introduced in Section 2. The published ANTARES limit [20] is based on 282.84 days of data taking that include a correction of 20% for the 5 line detector configuration. More stringent limits are expected from the analysis of further data taken with the 12 line detector configuration. The predicted neutrino induced muon and anti muon fluxes from neutralino annihilations in the Sun are displayed in Figure 6 for combination 1 ⊕ 24 ⊕ 75 ⊕ 200 and both tanβ = 10 and tanβ = 45. As in the case of the neutrino flux, the limits given in Figure  6 assume a 100% annihilation into W + W − . The gray line in Figure 6 correspond to the limit at 90% C.L. for the IceCube neutrino telescope [21] with 86 strings including the low energy extension DeepCore (ICDC). From Figure 6 it follows that still a reasonable amount of models, consistent with Ωh 2 < 0.13 and 122 < m h < 128, are not yet excluded by IceCube at 90% C.L. for tanβ = 10 as well as 45. The exclusion limit of Figure 6 is projected onto the m 0 −θ plane to visualize which part of the parameter space can be excluded. These regions are shown in Figure 7 for the annihilation channel W + W − . For tanβ = 10, large parts of the "high higgsino" or "small µ" regions for 0 θ/π 0.1 and on top (m 0 4 TeV, −0.2 θ/π 0 and 0.64 θ/π < 0.75) can be excluded assuming all annihilations go into W + W − . This also applies for tanβ = 45, where models with m 0 > 3.5 TeV and −0.2 < θ/π 0 are excluded as well as models with 0 θ/π < 0.1. Also, the thin arc on the right hand side for tanβ = 45 is excluded by IceCube.
From the indirect detections point of view the limits on the muon and anti muon flux given by the IceCube collaboration have the best power to exclude the kind of models we investigated. After investigation of exclusion capabilities of indirect detection with neutrino telescopes, in the next Section we focus on direct detection methods, i.e. elastic scattering interactions of a WIMP with a nucleon of the target material. We concentrate on results of the XENON 100 experiment [24] and comment on the future extension XENON 1t [25] .
Direct Detection
In this Section we focus on direct detection methods of dark matter, i.e. we compare the phenomenology of our models with the latest results given by the XENON collaboration. We concentrate on the spin independent WIMP nucleon cross-section σ nucleon SI . The predicted cross-sections are plotted in Figure 8 versus the mass of the neutralino m χ which is assumed to be the WIMP. Clearly visible is the fact, that only XENON 100 of all direct detection experiments shown here is able to exclude any of the simulated models. Nevertheless, several of the simulated models with a Higgs mass of 122 < m h < 128 and Ωh 2 < 0.13, are not yet excluded by direct detection experiments.
Even with the predicted sensitivity of the future extension XENON 1t (black line in Figure 8 ) a reasonable number of models that fulfill our requirements for Ωh 2 and the Higgs mass m h survive. This is not the case for the previously studied models [3] , where ∼ 95% of these models for low tanβ and all models for high tanβ are excludable by XENON 1t.
The corresponding excluded (excludable) parameter space for XENON 100 (XENON 1t) in the m 0 − θ plane is shown in Figure 9 and 10.
For tanβ = 10 (left hand side of Figure 9 ), XENON 100 excludes many of the "small µ/high higgsino" models on the right and upper edge of the left "island". The faint red band on the right "island" that is excluded by XENON 100 corresponds to models where the neutralino is a mixture between wino and higgsino. In this region µ is already too high to solve fine-tuning problems, as it is the case for small µ.
For tanβ = 45 (right hand side of Figure 9 ), again the right and upper edge of the left "island" is excluded by XENON 100. As for the case of low tanβ models belonging to that region have a small µ and solve the little hierarchy problem of supersymmetry. Complementary to IceCube, no models on the thin arc on the right hand side are excluded by XENON 100.
Almost the whole cMSSM like focus point region with a small µ and a large higgsino fraction in the neutralinos composition can be tested by XENON 1t for tanβ = 10 and 45 When comparing the experimental limits presented in Section 5 and 6 to the model predictions one should keep in mind the uncertainties and approximations which are contained in the models. These uncertainties comprise the WMIP nucleon cross-section, σ nucleon SI , from uncertainties in nuclear matrix elements and uncertainties in the local WIMP density, which affect the capture rate of neutralinos in the Sun and also the predictability with respect to direct detection.
Combined Excluded Regions of the Parameter Space
In this section we summarize the number of models simulated, models that fulfill our relic density requirement and models that can be excluded by ANTARES for W + W − , τ + τ − , IceCube + DeepCore (ICDC) for W + W − and XENON with and without respect to a correct relic density. Numbers can be found in Table 2 . The prefix "DM" in Table 2 means models that have relic density with Ωh 2 < 0.13 while the prefix "Higgs" are those with 122 < m h < 128 GeV.
We present excluded regions of the parameter space when combining the most stringent constraints coming from the Higgs boson as well as XENON 100 and IceCube limits. The allowed regions (colored blue) that fulfill the constraints Ωh 2 < 0.13 and 122 < m h < 128 GeV are summarized in Figure 11 
Variable Gaugino Mass Ratios
In the previous Sections we have shown, that a correct Higgs mass can be achieved for models with fixed mixing angles θ i ≡ θ and m 0 4 TeV. Thus, the linear combination 1 ⊕ 24 ⊕ 75 ⊕ 200 provides significantly more models that fulfil the constraint 122 < m h < 128 GeV compared to 1 ⊕ 24.
Nevertheless, we had to relax the relic density requirements and include the possibility for dark matter to be produced non-thermally. Otherwise, most of the simulated models do not produce a sufficient amount of thermally produced dark matter.
In this Section we present a preliminary study of deviations from the mass ratios of SU (5) representations. We parameterize the gaugino masses M 1 , M 2 and M 3 similar to Equation 2.5, given by
where coefficients a, b and c are allowed to vary in the range [-10,10] . We fixed m 0 = 3 TeV, m 1/2 = 600 GeV and A 0 = −m 1/2 . We simulated models for θ and tanβ pairs (θ, tanβ) = (-45,10), (-45,45), (115,10) and (115,45). The number of models simulated, as well as the number of models that are consistent with 122 < m h < 128 GeV and 0.09 < Ωh 2 < 0.13 are listed in Table 3 . We required a more stringent bound on the relic density 0.09 < Ωh 2 < 0.13, in contrast to the previous sections.
−45 • n models simulated: 599 470 n models simulated: 411 194 n models Higgs: 429 612 n models Higgs: 367 354 n models DM: 10 537 n models DM: 6 037 n models Higgs + DM: 3 673 n models Higgs + DM: 5 147 115 • n models simulated: 551 683 n models simulated: 340 497 n models Higgs: 443 992 n models Higgs: 314 617 n models DM: 14 444 n models DM: 8 243 n models Higgs + DM: 9 045 n models Higgs + DM: 7 654 Table 3 . Summary Table of the number of simulated models, the number of models with 122 < m h < 128 GeV (labeled n models Higgs), the number of models with 0.09 < Ωh 2 < 0.13 (labeled n models DM) and the number of models with 122 < m h < 128 GeV and additionally 0.09 < Ωh 2 < 0.13 (labeled n models Higgs + DM).
Models with 122 < m h < 128 GeV are labeled "n models Higgs" in Table 3 . Models with relic densities 0.09 < Ωh 2 < 0.13 are labeled "n models DM". The constraint on Ωh 2 slightly deviates from the limits given by the WMAP collaboration. It includes the possibility of a broken R-parity and thus decaying dark matter as well as an additional dark matter component, e.g. axions.
To find the optimal triple (a,b,c) for each of the pairs (θ,tanβ) from Table 3 that describes m h and Ωh 2 best, we performed a χ 2 analysis according to
where we took Ωh 2 observed = 0.11 ± 0.02. m h,observed = 125.3 GeV is the observed mass of the Higgs boson given by the CMS collaboration [1] . σ theo Higgs = 3 GeV and σ observed Higgs = 0.4(stat.) + 0.5(syst.) GeV are the theoretical and experimental uncertainties, respectively on the Higgs boson. The resulting χ 2 -values for (a,b,c) are listed in Table 4 P P P P P P P P P Table 4 . Model parameters (a,b,c) resulting from the χ 2 -analysis for the combinations (θ,tanβ) listed in Table 3 We use the triples (a,b,c) from the four simulated nodes listed in Table 4 With these linearized coefficients we simulated ∼ 300 000 models with our benchmark point input parameters m 0 = 3 TeV, m 1/2 = 600 GeV and A 0 = −m 1/2 . We varied θ from -45 to 135 degree and tanβ from 2 to 60. Only for −0.1 θ/π 0.1 m h is below 122 GeV ( Figure 12 ). As for these small angles sin(x) ∼ x and cos(x) ∼ 1, the region −0.1 θ/π 0.1 is obviously dominated by the singlet and unified gaugino masses like in cMSSM. This "cMSSM" like Higgs region is already known to be disfavored by the measurements of CMS and ATLAS. Further, small values of tanβ, i.e. tanβ 5 do not satisfy the lower bound m h > 122 GeV. Further, the curly white band in the middle of the plot is excluded by the LEP2 limit on the chargino mass [10] .
Large parts of the parameter space in the θ-tanβ plane have Ωh 2 > 0.16 ( Figure 12 ). Two extended regions where Ωh 2 0.13 and 122 < m h < 128 GeV is fulfilled can be found for 5 tanβ 32 and θ/π < −0.16, 8 tanβ 54 and 0.1 θ/π0.75. These regions are characterized by a neutralino that is a pure wino. Further, the neutralino is nearly degenerate in its mass with the lightest chargino and pairs of neutralinos can annihilate into pairs of W bosons via t-channel chargino exchange. Similar regions were already found in Section 4. Unfortunately, this annihilation process is very efficient and the relic density is pushed below 0.09 (light green/turky and purple regions in Figure 12 ). Like in Section 4, where we allowed dark matter to be produced non-thermally, this assumption has to be made to make models in this regions viable dark matter models. Solid black colored regions on the right hand side of Figure 12 fulfil 0.09 < Ωh 2 < 0.13 and 122 < m h < 128 GeV. There, the wino neutralino is heavy enough (O(2 TeV)) to produce the right amount of thermally produced dark matter [26] .
Summarizing the above results: we simulated approximately 300 000 models. ∼ 73% of them are consistent with 122 < m h < 128 GeV. ∼ 4% of all models have a relic density with 0.09 < Ωh 2 < 0.13. 91% of models with 0.09 < Ωh 2 < 0.13 provide a Higgs boson with a mass consistent with measurements. Of course, relaxing the relic density bound to Ωh 2 < 0.13 (see Section 4) increases the number of models consistent with Ωh 2 . In that case ∼ 45% of all models fulfil the constraint on Ωh 2 . ∼ 90% of these models have a Higgs boson with mass 122 < m h < 128 GeV.
We imposed a linear dependence of coefficients (a,b,c) on the mixing angle θ and tanβ. Simulating more nodes for pairs (θ, tanβ) would allow to introduce coefficients (a,b,c) that depend non-linearly on (θ, tanβ), allowing broader regions in the θ-tanβ plane that fulfil 0.09 < Ωh 2 < 0.13.
Nevertheless, this preliminary analysis indicates, that variable coefficients of Eq. 8.1 easily provide models that describe the Higgs mass as well as the neutralino as dark matter candidate. Further, these models escaped LHC measurements, as squarks and gluinos are too heavy (> 1.5 TeV for gluinos, > 2.1 TeV for squarks).
Conclusion
We investigated supersymmetric models with non-universality in the gaugino sector. This class of models was first introduced by Younkin and Martin [3] , who investigated a mixing of SU (5)'s singlet representation with the 24 representation. We extended this mixture to the more general case of all representations appearing in the symmetric product of 24 ⊗ 24. We focused on the phenomenological implications with respect to the relic density, to recent experimental results from selected direct and indirect detection measurements and to a possible Higgs boson with a mass of 122 < m h < 128 GeV.
The probable detection of the Higgs boson last year puts strongest constraints on the parameter space investigated by Younkin et al. Extending the parameter space by the four mixing angles θ 1 , θ 24 , θ 75 and θ 200 (in contrast to one single mixing angle θ in [3] ) extends the phenomenological implications of models with non-universal gaugino masses, i.e. provides a solution to this "Higgs" problem. We found a factor of ∼ 9 more models provide a candidate model with a Higgs boson mass that is consistent with measurements within experimental and theoretical uncertainties. These regions are not constrained to a certain range of angles θ i but cover the complete simulated range of θ i . Furthermore, models with Ωh 2 < 0.13 highly coincide with models where 122 < m h < 128 GeV is respected. Gluino and squark masses are sufficiently high to escape LHC experiments from detection, such that this kind of models are still viable models that can explain a Higgs boson with a mass of 125 GeV/c 2 and provide the neutralino as a dark matter candidate, given the possibility for dark matter to be produced non-thermally.
We performed a detailed study on the dark matter relic density and regions that are excluded by direct and selected indirect detection experiments as well as Higgs boson mass constraints. For simplicity and the sake of clarity we unified the mixing angles
We found that the parameter space of the considered model can be classified into four regions with respect to the neutralinos composition. These are a pure wino region (θ/π −0.06 and θ/π 0.58 for tanβ = 10, θ/π −0.04 for tanβ = 45), and second a pure bino region for −0.05 θ/π 0.03 for both tanβ = 10 and 45. In the third region the neutralino is a pure higgsino (0.06 θ/π 0.52 for tanβ = 10 and θ/π 0.06 for tanβ = 45). The last region is characterized by a neutralino that is a wino/higgsino mixture. It can be found for 0.02 θ/π 0.06 and 0.52 θ/π 0.56 (tanβ = 10) and for 0.02 θ/π 0.06 (tanβ = 45).
The relic density in the pure bino region is higher than the upper constraint on Ωh 2 (Ωh 2 < 0.13), analogue to the bulk region of the cMSSM. Concerning the other regions Ωh 2 drops rapidly below the lower bound deduced from WMAP data. We showed, that relaxing the WMAP constraint to lower values, allowing the possibility for dark matter to be produced non-thermally, provides significantly more models that satisfy the relaxed relic density requirement compared to the model parameterization introduced by Younkin et al.
To obtain a mass of the Higgs boson within 122 < m h < 128 GeV, m 0 must be at least 4 TeV and θ/π must be smaller than zero, or bigger than 0.54 for tanβ = 10. For tanβ = 45, m 0 must exceed ∼ 3.4 TeV and θ/π must be lower than 0.02. Nevertheless, more models provide a Higgs boson (∼ factor of two for tanβ = 10, and ∼ factor of 9 for tanβ = 45), that satisfies 122 < m h < 128 GeV compared to the parameterization introduced by [3] . Almost all of these models (O(95%)) agree with Ωh 2 < 0.13. Currently, the best exclusion limit for non-universal models investigated in this work are given by the IceCube and XENON collaborations. IceCube can exclude 8% and 18.5% of all models in the channel W + W − for tanβ = 10 and tanβ = 45, respectively. This means that approximately 20% (44%) of models that agree with a Higgs of 122 < m h < 128 GeV and Ωh 2 are excluded for tanβ = 10 (45). The current XENON 100 direct detection experiment with a life time of 225 days excludes ∼ 11% of all models for tanβ = 10 and ∼ 18% for tanβ = 45. This corresponds to approximately 21% of excluded models with 122 < m h < 128 GeV and Ωh 2 (tanβ = 10) and ∼ 30% for tanβ = 45. The future XENON 1t, will be even more restrictive. It can exclude ∼ 83% and ∼ 76% of all models, for tanβ = 10 and 45,respectively, which means that ∼ 78% and ∼ 81% of models consistent with Higgs and Ωh 2 can be tested.
For the parameter regions tested in this paper we find that a SU(5) singlet is not able to describe a supersymmetric scenario which is in agreement with the dark matter relic density and the observed Higgs mass. Instead, a mixing of other representations into the singlet allows for models consistent with observations. A linear combination including all non-singlet representations of SU (5) that appear in the symmetric product of 24 ⊗ 24 cannot be excluded by current measurements from direct and the considered indirect detection methods. With the newly detected particle at the LHC being the Higgs boson reduces the possible parameter space, but neither existing data from dark matter search nor predicted sensitivities, e.g. XENON 1t, can ultimately exclude the model investigated in this work.
Last but not least we did a preliminary analysis on the gaugino mass ratios. We allowed a variable mass ratio between the gaugino mass parameters M 1 , M 2 and M 3 . Therefore, we varied the coefficients (a,b,c) that determine the ratios of M i at a given mixing angle θ at the GUT scale. We found that a Higgs boson with a mass of 122 < m h < 128 GeV is easily achieved, even at lower values of m 0 = 3 TeV compared to m 0 4 TeV with respect to the other linear combinations. Furthermore, it is possible to require more stringent constraints on the relic density, e.g. 0.09 < Ωh 2 < 0.13. A reasonable amount of models with these constraints remain and provides candidate models for dark matter produced thermally while simultaneously satisfying constraints from the Higgs boson.
